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Background: Our earlier study on the antiproliferative (APF) activity of leaf extracts of ten
Apocynaceae species showed that leaves of Vallaris glabra possessed strong and broad-spectrum
properties. Materials and Methods: In this study, sequential extracts of leaves, flowers and
stems, and fractions and isolated compounds from dichloromethane (DCM) leaf extract of
V. glabra were assessed for APF activity using the sulphorhodamine B (SRB) assay. Apoptotic
effect of MDA-MB-231 cancer cells treated with DCM leaf extract of V. glabra was studied using
Hoechst 33342 dye and caspase colorimetry. Results: Both DCM extracts of leaves and flowers
possessed broad-spectrum APF activity against HT-29, MCF-7, MDA-MB-231 and SKOV-3
cancer cells. From DCM leaf extract, stearic acid (SA) and ursolic acid (UA) were isolated by
column chromatography, and identified by NMR and MS analyses. APF activity of SA from DCM
leaf extract displayed weak inhibitory activity and scientific literature showed UA has anticancer
properties against those cancer cells used in this study. MDA-MB-231 cancer cells treated with
DCM leaf extract and stained with Hoechst 33342 dye provided evidence that the extract had
an apoptotic effect on the cells. Caspase colorimetry showed that the apoptotic effect involved
activation of caspase-8, -9 and -3, but not caspase-6. Conclusion: The potential of V. glabra as
a candidate species for anticancer drugs warrants further investigation.
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INTRODUCTION

The family Apocynaceae consists of about 250 genera
and 2000 species of tropical trees, shrubs and vines.!"
Almost all species of the family produce milky sap. Other
characteristic features are simple, opposite or whorled
leaves; large, colorful and slightly fragrant flowers with
five contorted lobes; and fruits are in pairs. With inclusion
of species of Asclepiadaceae, the family has now been
enlarged from two to five subfamilies.”

In traditional medicine, Apocynaceae species are used
to treat gastrointestinal ailments, fever, malaria, pain and
diabetes."! Apocynaceae species have also been reported
to show anticancer properties. Our earlier study on the
antiproliferative (APF) activity of leaf extracts of ten
Apocynaceae species showed that Alstonia angustiloba,
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Calotropis gigantea, Catharanthus rosens, Nerium oleander,
Plumeria obtusa and Vallaris glabra displayed positive
inhibition.PY A/lamanda cathartica, Cerbera odollam, Dyera
costulata and Kopsia fruticosa did not display any APF activity.
Dichloromethane (DCM) and DCM: Methanol (MeOH)
extracts of 1. glabra inhibited all six cancer cell lines
of MCF-7, MDA-MB-231, HelLa, HT-29, SKOV-3 and
HepG2, while the MeOH extract inhibited MCF-7 and
HepG2 cells. Results showed that leaves of /. glabra
possessed strong and broad-spectrum properties. Recently,
the botany, uses, phytochemistry and pharmacology of
selected Apocynaceae species including . glabra have
been reviewed.!

In this study, the leaves, flowers and stems of 1. glabra
were sequentially extracted with solvents of increasing
polarity. The resultant fractions and compounds isolated
from DCM leaf extract from 1. glabra were assessed for
APF activity. Apoptosis of MDA-MB-231 breast cancer
cells treated with DCM leaf extract was shown and possible
mechanisms were elucidated by caspase colorimetry.
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MATERIALS AND METHODS

Plant materials

Leaves, flowers and stems of 1. glabra were collected
from Kepong (N 3° 12’14”; E 101° 37°50”) in Selangor,
Malaysia and identified by Dr. Chan Hung Tuck, former
Division Director of Forest Research Institute Malaysia.
V. glabra is a woody climber that produces clusters of white
flowers [Figure 1] with a scent characteristic of Pandanus
amaryllifolins (pandan) leaves or fragrant rice. With brief
description of its morphology and location, a voucher
specimen of . glabra was deposited in the herbarium of
Monash University Sunway Campus in Malaysia.

Extraction of plant material

Leaves (40 gm), stems (10 gm) and flowers (10 gm)
of 7. glabra were freeze-dried overnight, ground and
sequentially extracted with hexane (Hex), DCM, DCM:
MeOH (1:1) and MeOH. For each solvent (50 mL/gm
of plant sample), the suspension of ground samples was
shaken for 1 h on the orbital shaker. After filtering, the
samples were extracted two more times for each solvent.
Solvents were removed with a rotary evaporator and the
dried extracts were stored at -20°C for further analysis.

Antiproliferative activity

Antiproliferative (APF) activity of extracts, fractions and
isolated compounds was assessed for growth inhibitory
(GI,) activity against four types of human cancer cells
(HT-29, MCF-7, MDA-MB-231 and SKOV-3) using the
sulphorhodamine B (SRB) assay, following the procedures
described eatlier.*” The measured quantity, GI,, is the
concentration of extract that causes 50% reduction in cell
growth.

Human cancer cell lines, obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA), were
seeded 24 h prior to treatment in 96-well plates at appropriate

Figure 1: Flowers and leaves of Vallaris glabra
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densities (30,000 cells/ml. for MCF-7; 60,000 cells/mlL.
for MDA-MB-231 and HT-29; and 120,000 cells/mL for
SKOV-3) with each well containing 100 UL of cell culture.
Extracts (5 mg/mlL) were dissolved in 100% DMSO and
serially diluted two-fold to concentrations ranging from
3.13-50.0 ug/mL with appropriate medium. As 100 UL of
the diluted samples were introduced to the existing 100 UL
of cell cultures, the final concentration of extracts ranged
from 1.56-25.0 ug/ml. The control cultures were treated
with the same volume of DMSO (0.5%). The concentration
of DMSO was kept within 1% to avoid any interference
with cell viability. After the addition of extracts, the plates
were incubated for 48 h. After incubation, the cells were
fixed with 50 UL of cold 50% TCA (w/#) and incubated
for 1 h at 4°C. The plates were then washed with water and
air dried. Cells were stained with 100 UL of 0.4% (w/v)
SRB solution diluted with 1% acetic acid followed by
incubation for 10 min at room temperature. Unbound dye
was removed by washing with 1% acetic acid. Bound stain
was then solubilised with 200 UL of 10 mM trizma base.

Absorbance of each well at 505 nm was obtained using a
microplate reader. Dose-response curves were plotted to
obtain GI,, calculated using the formula [(T - T)/(T- T)]
X100 = 50 where T is the absorbance of cells treated with
extracts or drugs at the end of incubation, T' is the absorbance
of cells prior to treatment with extracts or drugs and T_is the
absorbance of untreated cells treated with vehicle (0.5-1.0%
DMSO) at the end of incubation. APF activity is considered

to be effective when GI, value <20 pg/mIL.."

Isolation of compounds

DCM leaf extract (26 gm) of Vallaris glabra was
subjected to column chromatography over Silica gel 60.
A solvent system with an increasing polarity gradient
was used: Hexane-ethyl acetate (Hex-EtAc) and ethyl
acetate-methanol (EtAc-MeOH) to give 13 fractions
(D1 to D13).

Fraction D11 (3.26 gm) was passed through Sephadex
LH-20 with gradient H,O-MeOH (50—100% MeOH)
to give five sub-fractions (D11-1 to D11-5). Sub-fraction
D11-1 (1.38 gm) was then subjected to Chromatorex
C18 with gradient H,O-MeOH (10—100% MeOH) to
give six sub-fractions (D11-1-1 to D11-1-6). Sub-fraction
D11-1-5 (0.27 gm) was passed through Sephadex LH-20
with gradient CHCIL-EtAc (0—100% EtAc) to give three
sub-fractions (D11-1-5-1 to D11-1-5-3). Sub-fraction
D11-1-5-2 (0.16 gm) was passed through Sephadex LH-20
with gradient CHCI -EtAc (0—50% EtAc) to give six
sub-fractions (D11-1-5-2-1 to D11-1-5-2-06). Sub-fraction
D11-1-5-2-2 (86 mg) was subjected to Chromatorex C18
with gradient H O-MeOH (10—100% MeOH) to obtain
Compound 1 (12 mg).
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Fraction D8 of the DCM leaf extract (2.61 gm)
was passed through Silica gel 60 using a solvent
system of Hex-DCM (20—100% DCM) followed
by DCM-Acetone (0—100% Acetone) and finally
Acetone-MeOH (0—100% MeOH) to give 27
sub-fractions (D8-1 to D8-27). Sub-fraction
D8-19 (0.71 gm) was subjected to Silica gel 60
chromatography by eluting with DCM-EtAc (0—100%
EtAc), followed by EtAc-Acetone (0—100% Acetone)
and finally Acetone-MeOH (0—100% MeOH) to give
16 sub-fractions (D8-19-1 to D8-19-16). Sub-fraction
D8-19-6 (0.09 gm) was again chromatographed on
Silica gel 60 with Hex-EtAc (10—100% EtAc) to
obtain six sub-fractions (D8-19-6-1 to D8-19-6-6).
Compound 2 (0.01 gm) was precipitated from sub-fraction
D8-19-6-4 (0.02 gm) by dissolving in chloroform with
sonication and heat (40°C) followed by chilling overnight
at -20°C. The precipitate was recovered by filtration.

Identification of compounds

Compounds were dissolved in a deuterated solvent and
subjected to '"H and "C NMR analysis using a Bruker
DRX 300 MHz spectrometer (300 MHz for '"H and
75.4 MHz for C) and a Varian Unity Inova 500 MHz
spectrometer (500 MHz for 'H and 125.7 MHz for "°C).
Chemical shifts were recorded in ppm (8) using TMS as
internal standard. MS analysis was performed by APCI-MS
in negative mode using a Thermo Finnigan LCQ Deca
spectrometer and EI-MS using a Thermo Finnigan Trace
GC-PolarisQ) spectrometer.

Hoechst nuclear staining

MDA-MB-231 breast cancer cells treated with DCM
leaf extract and stained with Hoechst 33342 dye (Sigma
Chemical Co., St. Louis, MO, USA) was performed
following protocols previously described. Visualisation of
nuclear morphology was performed using Hoechst 33342, a
DNA-binding fluorescent dye. MDA-MB-231 breast cancer
cells were cultured in 3.5 mm cell-culture dishes with a
cover slip placed into each of the dishes and sterilized under
UV radiation for 15 min. After culturing of cells overnight,
they were treated for 48 h with 1% DMSO as control and
with varying concentrations of leaf extract at 1.56, 3.13,
6.25,12.5, 25.0 and 50.0 pg/mL. After removing the cell
culture media, the dishes and cover slips were washed twice
with 10% PBS followed by fixing the cells to the cover slips
with 3.7% paraformaldehye (»/2) for 10 min. The fixing
solution was removed and the dishes and cover slips were
washed twice with 10% phosphate-buffered saline (PBS).
Hoechst 33342 (1 pg/mL) was added directly to the affixed
cells and stained in the dark for 10 min before washing
twice with 10% PBS. The cover slips were carefully lifted
from the dishes, placed onto glass slides with 10 UL of
Gel Mount aqueous mounting medium (Sigma) and sealed
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with nail varnish. The stains cells were visualized at x40
magnification using an inverted microscope (Olympus
BX41) and a UV filter. Images of cells were photographed
by a digital Nikon DS-Filc camera using NIS-Elements I
software version 3.00.

Caspase colorimetry

MDA-MB-231 cells were treated with varying concentrations
(1.56-25.0 pg/mL) of DCM leaf extract. The floating and
trypsinised-adherent cells were collected and washed in
cold PBS. The cells were lysed by adding 50 pL chilled lysis
buffer (BioVision, USA) and incubated on ice for 10 min.
The suspension was then centrifuged for 1 min at 10,000
x g The supernatant containing the cytosolic extract was
transferred to a fresh tube and put on ice for assay or stored
in aliquots at -80°C for future use.

The protein concentration was determined using the
microassay procedure adopted by the manufacturer
(Bio-Rad). Protein standards (125-1500 pug/mL) using
bovine serum albumin (BSA) were prepared. The standards
and samples of protein cell lysates in various dilutions
(5 uL) were added into each well of a 96-well microtiter
plate. Bio-Rad dye reagent concentrate (250 L) was added
into each well. Control consisted of water in place of the
protein sample. The plate was incubated in the dark at room
temperature for 30 min before reading absorbance at 595 nm.

Activities of caspase-3, -0, -8 and -9 were determined using
the Caspase Colorimetric Assay Kit (BioVision Research,
Mountain View, CA, USA) according to the instructions of the
manufacturer. Cytosolic protein (200 pg) was diluted to 50 UL
celllysis buffer for each assay in a 96-well plate. To each well, 50
UL of reaction buffer containing 10 mM dithiothreitol (DTT)
was added followed by 5 UL of substrate containing 4 mM
Asp-Glu-Val-Asp (DEVD)-pNA substrate (caspase-3), 4 mM
Val-Glu-Ile-Asp (VEID)-pNA substrate (caspase-6), 4 mM
lle-Glu-Thr-Asp (IETD)-pNA substrate (caspase-8), or 4
mM Leu-Glu-His-Asp (LEHD)-pNA substrate (caspase-9).
The plate was then incubated at 37°C for 2 h. At the end of
incubation, the plate was read in a microtitre plate reader at
412 nm. Fold-increase in caspase activity was determined
by comparing the results of treated samples with those of
the control.

RESULTS AND DISCUSSION

APF activity of extracts

Table 1 shows that both DCM extracts of leaves and flowers
possessed more broad-spectrum APE activity than stems
against HT-29, MCF-7, MDA-MB-231 and SKOV-3 cancer
cells. DCM extract of stems and flowers were the most potent
against MCF-7 cells compared to the other three sequential
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Table 1: Antiproliferative activity of sequential extracts of leaves, flowers and stems of Vallaris glabra

against four human cancer cell lines

Plant part Sequential Growth inhibition (Gl,))
i HT-29 MCF-7 MDA-MB-231 SKOV-3
Leaves Hex - - -
DCM 7.5%4.5 7.7+1.3 124£2.0 312,
DCM: MeOH 7.7+2.4 7.0£2.5 1316.3 12+1.2
MeOH - 16£2.1 - -
Flowers Hex 5.91+2.0 3.3%1.0 - -
DCM 1.4£0.3 1.4+0.2 4.4+1.2 1.6£0.2
DCM: MeOH 6.5+1.1 4.6+1.1 - 3.1+0.7
MeOH - - - 7.4+0.8
Stems Hex - 7.0£0.6 - 1.8+0.3
DCM 1.7£0.5 1.4+0.2 - 1.2+0.1
DCM: MeOH - 3.9+0.7 - 1.7+0.3
MeOH - 5.4+1.6 - 1.8+£0.2
Standard drug
Xanthorrhizol 111£0.7 8.7+0.8
Curcumin 4.1+£0.9 8.7+0.8
Tamoxifen 8.310.6 4.6+0.5

Glso (pug/mL) is the concentration of extracts resulting in 50% reduction in cell growth in comparison with untreated cells. Values are means = SD. For each column, values
followed by the same superscript (a-d) are not statistically different at P < 0.05 as measured by the Tukey HSD test. HT-29 are human colon cancer cells, MCF-7 and MDA-
MB-231 are human breast cancer cells and SKOV-3 are human cervical cancer cells. Gl5o values of standard drugs of xanthorrhizol, curcumin and tamoxifen against MCF-7 and

MDA-MB-231 7 were used as positive controls

extracts. GI,; of DCM extract of stems and flowers (both
1.4 £ 0.2 pg/mL) for MCF-7 cells was lower than that of the
positive controls. Hexane extract of stems (7.0 = 0.6 ug/mL)
and flowers (3.3 = 1.0 pg/ml) were more potent against
MCEF-7 cells than tamoxifen (8.3 £ 0.6 ug/mL) and
xanthorrhizol (11 + 0.7 ug/ml). Hexane flower extract was
as effective as curcumin (4.1 + 0.9 pg/mL). The inhibition of
stem extracts was more specific to MCF-7 and SKOV-3 cells.
Overall, the screening results show that extracts from three
different parts of 1. glabra possessed effective APF activity.

It was found that further fractionation of the DCM
extract using silica gel 60 column and a mobile phase with
increasing polarity resulted in much more potent APF
activity against the four cancer cell lines [Table 2]. Strongest
APF activity was observed in Fractions 10 and 11. Against
MCF-7 cells, GI,| of Fractions 10 and 11 (2.1 * 0.2
and 2.3 £ 0.2 pg/mL) was significantly lower than
xanthorrhizol (11 £ 0.7 ug/ml), curcumin (4.1 £ 0.9 ug/ml) and
tamoxifen (8.3 £ 0.6 ug/ml). Against MDA-MB-231 cells, GI, |
of Fraction 11 (1.4 + 0.4 ug/mL) was significantly lower than
xanthorthizol (8.7 £ 0.8 ug/mL), curcumin (8.7 £ 0.8 ug/mL)
and tamoxifen (4.6 = 0.5 ug/ml). G, of Fraction 10 (5.2
+ 1.8 ug/mL) was lower than xanthorrhizol and curcumin,
but comparable to tamoxifen.

Identification of compounds

Two compounds were isolated from DCM leaf extract
of V. glabra. Their appearance, MS and 'H and "C NMR
spectral data are as follows:
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Compound 1: stearic acid

Amotrphous waxy white solid; EI-MS m/z 284 [M*];
'"H NMR (CDCl,, 300 MHz) 8: 237 (2H, #, ] = 7.5 Hz,
H-2), 1.54 (2H, », H-3), 1.25-1.33 (28H, », H4 to H17),
0.85 (3H, # ] = 6.9 Hz, H-18); "C NMR (CDCl,, 75.4
MHz) &: 180 (COO), 34.2 (C-2), 24.7 (C-3), 29.4 (C-4),
29.2-32.2 (C-5 to C-106), 22.7 (C-17), 14.1 (C-18).

Compound 2: ursolic acid

Amorphous white powder; APCI-MS m/z 456 [M-H];
'HNMR (CD,0D, 500 MHz) 8:5.23 (1H, #, ] = 3.5 Hz,
H-12), 3.15 (1H, dd, ] = 11.5, 4.5 Hz, H-3), 2.21 (1H,
d, ] = 11.0 Hz, H-18), 1.08 (3H, s, H-23), 0.98 (3H, s,
H-27),0.97 (3H, 5, H-206), 0.96 (3H, s, H-24), 0.89 (3H, 4,
J=06.5Hz,H-29),0.85 (3H, 4, ] = 6.5 Hz, H-30), 0.78 (3H,
5, H-25); "C NMR (CD,OD, 125.7 MHz) d: 182 (C-28),
140 (C-13), 127 (C-12), 79.7 (C-3), 56.8 (C-5), 54.4 (C-18),
48.5 (C-9 and C-17), 43.3 (C-14), 40.8 (C-8), 40.4 (C-19
and C-20), 40.0 (C-4), 39.9 (C-1), 38.1 (C-10 and
C-22), 34.4 (C-7), 31.8 (C-21), 29.2 (C-15), 28.8 (C-23),
27.9 (C-2), 25.3 (C-16), 24.4 (C-11), 24.1 (C-27),
21.6 (C-30), 19.5 (C-6), 17.8 (C-29), 17.7 (C-206),
16.4 (C-25), 16.1 (C-24).

The MS and the 'H and “C NMR data of the above two
compounds matched those of the previously reported
data on stearic acid®'” and ursolic acid.""'? Stearic acid or
octadecanoic acid (IUPAC name) is a saturated fatty acid
with an 18-carbon chain. Its molecular formulais C H, O,
and molecular weight is 284.5. Ursolic acid is a pentacyclic
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Table 2: Antiproliferative activity of fractions
from DCM leaf extract

Fraction No. Growth inhibition (Gl,))

HT-29 MCF-7 MDA-MB-231 SKOV-3
3 52+0.5° 3.4%0.7° 54 +1.1¢ 40+0.7¢
8 53+0.6° 3.8+0.7° 3.5+0.5° 46+0.3¢
9 54+0.9° 4.2+0.6° 10 +3.3¢ 27+0.7°
10 3.5+0.8° 2.1+0.22 52+1.8¢ 1.3+0.1°
11 2.1+0.12 2.3+0.2° 1.4 +0.42 1.2+0.02
12 12+22¢ 51+0.7° 3.9+0.2° 3.8+£0.9¢
Standard drug
Xanthorrhizol 1107 8.7+0.8
Curcumin 41+09 8.7+0.8
Tamoxifen 8.3+0.6 46+0.5

DCM: Dichloromethane, Glso (ug/mL) is the concentration of extracts resulting

in 50% reduction in cell growth in comparison with untreated cells. Values are
means = SD. For each column, values followed by the same superscript (a-d) are
not statistically different at P < 0.05 as measured by the Tukey HSD test. HT-29
are human colon cancer cells, MCF-7 and MDA-MB-231 are human breast cancer
cells and SKOV-3 are human cervical cancer cells. Glso values of standard drugs of
xanthorrhizol, curcumin and tamoxifen against MCF-7 and MDA-MB-231 P'were
used as positive controls

triterpene acid. Its molecular formula is C, H, O, and
molecular weight is 456.7.

Stearic acid (SA) isolated from leaves of Vallaris glabra is
a major essential oil found in Apocynaceae species such
as leaves and flowers of Catharanthus roseus"” and leaves
of Alstonia boonei™¥ Ursolic acid (UA), widely found in
plants, is a compound that possesses many biological
activities such as antioxidative, anti-inflammatory,
anticancer and hepatoprotective, as well as the ability to
induce apoptosis.[”®

from species such as Alstonia scholaris' and Plumeria
17]

! In Apocynaceae, it has been isolated
rubra.l

Other compounds isolated from leaf extracts of /. glabra
included three caffeoylquinic acids (CQAs) and two
cardiac glycosides."™"! Isolated from MeOH leaf extract
of /. glabra, the CQAs were identified as 3-CQA, 4-CQA
and 5-CQA or chlorogenic acid (CGA)."! Compared
to flowers of Lonicera japonica (the commercial source
of CGA), 5-CQA content was two times higher and
3-CQA and 4-CQA content was about 16 times higher.
One of the two cardiac glycosides isolated wasidentified
as acoschimperoside P, 2’-acetate. This compound was
active in Hedgehog signaling inhibition and showed strong
cytotoxicity against human pancreatic (PANC1) and human
prostate (DU145) cancer cells."” The other compound was
a new cardiac glycoside.

APF activity of isolated compounds

Results showed that SA isolated from DCM leaf
extract displayed weak inhibitory activity against HT-29
(59 + 6.0 ug/ml), MCF-7 (102 £ 16 ug/mL), MDA-MB-231
(73 + 8.8 ug/ml) and SKOV-3 (78 + 4.8 ug/mL) cancer cells.
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Against MCF-7 and MDA-MB-231, SA had much higher
GIL,, values of 49 £ 6 and 31 * 4 ug/ml, respectively than
standards such as curcumin (4.1 £ 0.9 and 8.7 £ 0.8 ug/mlL)
and tamoxifen (8.3 £ 0.6 and 4.6 £ 0.5 ug/mL), respectively.”
Previous studies on the APF properties of SA have reported
variable results. SA had no APF effect on 14 human leukemic
cell lines.” Using clonogenic assay, SA was found to be toxic
against five human cancer cell lines,”!) one of which was
HT-29 with IC_ of 7.65 ug/mlL, which is in variance with
our value of 59 pg/mL. The discrepancy could be due to
the different methods used in assessing AP activity. Against
HOG-1 cervical cancer cells, SA at 21.3 pg/mlLinhibited
the growth of HOG-1 cells after 48 h in culture and at
35.6 ug/ml., cell death occurred.” SA isolated from aetial
parts of Oldenlandia diffusa inhibited the growth of human
hepatoma cells of HepG2 and Hep3B, but not human normal
cells of WRIL-68.! Against HepG2 (IC, of 25.6 pg/ml)
and Hep3B (IC_ of 37.0 ug/mlL), SA was more effective
than other fatty acids.

The yield of UA isolated from DCM extract (only 0.01 gm)
was too low for analysis of its inhibitory activity. Nevertheless,
there is a wealth of literature reports on the anticancer
properties of UA, including those of the cancer cells used
in this study. Most of these reports concluded that UA is
a potent chemo-preventive agent for cancer.

UA was reported to be a potent inhibitor of MCF-7 cell
proliferation, exerting an early cytostatic response at G1
phase of cell cycle followed by cell death.” UA induced
apoptosis, PARP cleavage and also decreased Bcl-2
protein in MCF-7 cells, supporting the hypothesis that
UA induces apoptosis through the intrinsic mitochondrial
pathway.! Against MDA-MB-231 breast cancer cells, UA
was reported to exert a dose- and time-dependent inhibitory
effect on the migration and invasion of MDA-MB-231 breast
cancer cells at non-cytotoxic concentrations.* UA isolated
from rosemary has been shown to inhibit cell proliferation
and induce apoptosis in MDA-MB-231.""'The study showed
that apoptosis was induced through both mitochondrial death
pathway and extrinsic death receptor dependent pathway in
MDA-MB-231 cells. Against HT-29 colon cancer cells, UA has
been reported to have strong antiproliferative and apoptotic
effects.” Another study showed that UA inhibited cell
growth by inhibiting the EGFR/MAPK pathway.* Against
SKOV-3 ovary cancer cells, UA exerted cytotoxicity with
IC,, of 50 uM.P Apoptotic bodies were observed in treated
SKOV-3 cells. The cytotoxic activity of some UA derivatives
was stronger than UA against SKOV-3 cancer cells.”!

Hoechst nuclear staining

To examine the nuclear morphological changes in response to
DCM leaf extract, which contained SA and UA, both control
and treated MDA-MB-231 breast cancer cells were stained
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with fluorescent Hoechst 33342 dye and visualised under a
fluorescent microscope. MDA-MB-231 cells were chosen
as a candidate for apoptotic studies due to its fast doubling
rate and have been demonstrated to undergo apoptosis.
MDA-MB-231 cells have high invasive ability and tend to
establish resistance against programmed cell death stimuli.”
Thus, the ability of plant extracts to arrest their proliferation is
beneficial for the prevention and treatment of invasive cancer.

Results of Hoechst staining of control and treated cells
showed that the dye was able to diffuse through intact
membranes of the cells and stain their DNA. At 1.50,
3.13 and 6.25 pg/mL of leaf extract, the cells remained
uniformly stained and showed no fluorescence in the
nucleus. The cells were neither apoptotic nor exhibit
fragmentation of DNA.

MDA-MB-231 cancer cells treated with higher concentrations
of DCM leaf extract (12.5, 25.0 and 50.0 pg/mL) began
to display apoptotic morphology [Figure 2]. As the
concentration of leaf extract was increased, there was
stronger and more intense fluorescence. Fluorescence
was seen in the nuclear region of the cells, indicating
the presence of DNA fragmentation. Cell shrinkage,
chromatin condensation, nuclear fragmentation and
apoptotic bodies (small highly fluorescent spherical masses)
were visualised. These observations provided evidence
that the DCM leaf extract had an apoptotic effect on
MDA-MB-231 cells.

MDA-MB-231 cells were treated with varying concentrations
(1.56-25.0 pg/mL) of DCM leaf extract. Fold-increase in
activity of caspase-3, -6, -8 and -9 was determined by
comparing the results of treated samples with the control.
A graph plotting concentration of DCM leaf extract against
fold-increase in caspase activity is shown in Figure 3.

Two caspases analysed showed faitly strong fold-increase
activity with increasing concentration of DCM leaf extract.
They were caspase-8 and -9. At 3.13 and 6.25 pg/mL
of extract, caspase-8 remained at 1.50 fold. At 12.5 and
25.0 ug/mL of extract, activity increased 2.25 and 3.61 fold,
respectively. Caspase-9 showed a slightly different trend of
increase. At 3.13, 6.25 and 12.5 pug/mL of extract, activity

Apoptotic body

Cell shrinkage
Nuclear fragmentation

¢ ;

strongly increased 1.64, 2.42 and 3.42 fold, respectively.
Activity culminated to 3.73 fold at 25.0 ug/mL of extract.
Fold-increase activity of caspase-3 was weak with caspase-6
hardly showing any activity. Caspase-3 showed no discernable
activity at 3.13 and 6.25 ug/mL of extract. Activity was 1.72
and 2.33 fold at 12.5 and 25.0 pg/mL of extract. Caspase-6
showed slight decline in activity from 3.13-12.5 pg/mlL of
extract. Activity was only 1.31 fold at 25.0 g/ mL of extract.

Results of the caspase colorimetric assay showed that
DCM leaf extract modulated caspase-8, -9 and -3 but
not caspase-6, which indicates that the extract induced
apoptosis through both the extrinsic (death-receptor)
and intrinsic (mitochondrial) pathways. Caspase-8 and -9
are the initiator caspases, while caspase-3 and -6 are the
effector caspases.

Similarly, an increase in caspase-8, -9 and -3 activities
has been reported after MDA-MB-231 cancer cells were
treated with 250 UM of quercetin,’® and with 40 mM of
metformin.’ Likewise, the induction of apoptosis of
MDA-MB-231 cells involving caspase-8, -9 and -3 was also
reported for sanguinarineP and 2-methoxyestradiol.” On
the contrary, MDA-MB-231 cancer cells treated with
xanthorrhizol (0-20 ug/mL) was reported to modulate
caspase-3 and -9 activity but not caspase-6 and -8.

CONCLUSION

Both leaf and flower extracts of . glabra showed
broad-spectrum APF activity. Among the four different leaf
extracts of 1. glabra, the DCM extract showed strongest
APF activity against HT-29, MCF-7, MDA-MB-231 and
SKOV-3 cancer cells. The DCM extract had an apoptotic
effect on MDA-MB-231 cells which involved activation
of caspase-8, -9 and -3, but not caspase-6. The potential
of V. glabra as a candidate species for anticancer drugs
warrants further investigation.
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